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Summary 
 
It is becoming increasingly important to put freshwater issues in a global context. Local water 
depletion and pollution are often closely tied to the structure of the global economy. With 
increasing trade between nations and continents, water is more frequently used to produce 
exported goods. International trade in commodities implies long-distance transfers of water in 
virtual form, where virtual water is understood as the volume of water that has been used to 
produce a commodity and that is thus virtually embedded in it. Knowledge about the virtual-
water flows entering and leaving a country can cast a completely new light on the actual 
water scarcity of a country. For example, Jordan imports about 5 to 7 billion m3 of virtual 
water per year, which is in sharp contrast with the 1 billion m3 of water withdrawn annually 
from domestic water sources. This means that people in Jordan apparently survive owing to 
the import of water-intensive commodities from elsewhere, for example the USA. 
 
This report reviews current knowledge with respect to four questions: What is the effect of 
international trade on domestic water resources? What is the effect of water availability on 
international trade? Can international trade increase global water-use efficiency? And finally, 
what type of international trade rules would promote a more wise use of water worldwide? 
 
It is shown that import of water-intensive commodities reduces national water demand, which 
is attractive for water-scarce countries like in the Middle East and North Africa. Export of 
water-intensive commodities, on the contrary, raises national water demand and thus 
enhances national water scarcity. This happens for instance in the USA and Australia. Trade 
patterns thus influence patterns of water use and scarcity. Reversely, spatial differences in 
water scarcity do not seem to have a strong influence on trade patterns. The reason is that 
water is generally grossly underpriced. Water scarcity appears to affect trade patterns only in 
cases where absolute water shortage forces water-scarce countries to import water-intensive 
products, because they simply cannot be produced domestically. The report shows that 
currently international trade reduces global water use in agriculture by 5%, which is the result 
of the fact that water-intensive commodities are traded, on average, from countries with high 
to countries with low water productivity. Global water-use efficiency can be increased by 
including water scarcity as a factor into trade decisions. However, increased trade in water-
 
 intensive products possibly has a number of downsides, like for instance increased water 
dependencies. 
 
Currently there is an imbalance between international trade agreements and international 
agreements on sustainable water use, because the former are strong and the latter weak. Most 
relevant is that internationally binding agreements on sustainable water use do actually not 
exist. There are no international agreements of the type that have the strength to restrict trade 
in cases where it negatively affects local water systems. It is argued that fair international 
trade rules should include a provision that enables consumers, through their government, to 
raise trade barriers against products that are kept responsible for harmful effects on water 
systems and indirectly on the ecosystems or communities that depend on those water systems. 
The report identifies several mechanisms to better ensure that trade and sustainable water use 
go hand in hand: product transparency, e.g. through a water label, an International Water 
Pricing Protocol and an International Water-Footprint Permit System. 
 
International agreements on the liberalization of trade in agricultural products – as being 
negotiated in WTO’s ongoing Doha Development Round – should include provisions that 
promote sustainable water use in agriculture. As yet it is unclear how such provisions could 
look like, since the WTO explicitly refrains from making environmental agreements. An 
imbalance in global regulations of trade will be created as soon as free trade agreements are 
effective while sustainable-product and sustainable-water-use agreements to constrain 
international trade are not yet existent. This is a serious risk, since no international 
agreements on sustainable water use or sustainable products do exist or are being prepared. 
 
Keywords: Water resources management, International trade, Virtual-water trade, Water 
footprint, Water-use efficiency, Product transparency, Water pricing, Water 
labelling. 
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 1. Introduction 
 
The recent past has shown a growing interest from both trade and water experts in the relation 
between international trade and freshwater scarcity. Until the recent past, it has not been very 
common for water sector specialists to look at the relation between water use in a region and 
import into or export from this region. Traditionally, in their view, water demand in an area is 
simply a function of the amount and sort of water users in that area. At the same time, 
economists do generally not bother much about the implications of international trade for the 
water sector. The reason is that water inputs usually hardly contribute to the overall price of 
traded commodities. This seems to justify the conclusion that water cannot be a significant 
factor influencing production and trade patterns. The fact that water inputs are often heavily 
subsidized by national governments is hereby ignored. Trade specialists also tend to forget 
that external effects of water use can be very significant, but are never included in the price of 
water and that no country charges a scarcity rent for water inputs even though water is 
sometimes very scarce. When merely looking at the prices of traded commodities one will 
indeed get the impression that water scarcity cannot be a driving force of or limiting factor to 
international trade. 
 
Water is usually not regarded as a global resource. Whereas in most countries the energy 
sector has an obvious international component, this is different for the water sector. The 
international component of water is recognized in the case of trans-boundary rivers, but the 
relation between international trade and water management is generally not something that 
water sector officials think about. The reason is probably because water itself is not traded 
internationally, due to its bulky properties. Besides, there is no private ownership of water so 
that it even cannot be traded as in a market (Savenije, 2002). Water sector specialists forget, 
however, that water is traded in virtual form, i.e. in the form of agricultural and industrial 
commodities (Hoekstra and Hung, 2005; Chapagain and Hoekstra, 2008). Although invisible, 
import of ‘virtual water’ can be an effective means for water-scarce countries to preserve 
their domestic water resources (Allan, 2001a). 
 
One of the principles widely accepted in water resources management is the subsidiarity 
principle, according to which water issues should be settled at the lowest community level 
possible (GWP, 2000). In cases where upstream water users affect downstream users, it has 
been recognized that it is necessary to take the perspective of a river basin as a whole, 
considering water as a river-basin resource. Regarding water as a global resource is very 
uncommon. The Global Water Partnership (GWP, 2000) writes: ‘In order to achieve efficient, 
equitable and sustainable water management […], a major institutional change will be 
needed. Both top-down and bottom-up participation of all stakeholders will have to be 
promoted – from the level of the nation down to the level of a village or a municipality or 
from the level of a catchment or watershed up to the level of a river basin. The principle of 
subsidiarity, which drives down action to the lowest appropriate level, will need to be 
observed.’ There is no word about a global dimension of water governance. 
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 Considering water management from a local, national or river basin perspective is, however, 
often insufficient. Many water problems are closely linked to international trade (Hoekstra 
and Chapagain, 2008). Subsidized water in Uzbekistan is overused to produce cotton for 
export; Thailand experiences water problems due to irrigation of rice for export; Kenya 
depletes its water resources around Lake Naivasha to produce flowers for export to the UK 
and the Netherlands; Chinese rivers get heavily polluted through waste flows from factories 
that produce cheap commodities for the European market. Not only water problems, but also 
water solutions have an international trade component. Jordan and various other countries in 
the Middle East meet their demand for food and save their scarcely available water resources 
through food imports from overseas (Chapagain et al., 2006a). Mediterranean countries will 
expectedly experience increased water scarcity due to climate change, forcing them into the 
direction of increased import of water-intensive products. Apparently there are more 
connections between seemingly local or national water issues and international trade than 
recognized at first sight. 
 
This report reviews current knowledge with respect to four questions: 
 
• what is the effect of international trade on domestic water resources? 
• what is the effect of water availability on international trade? 
• can international trade increase global water-use efficiency? 
• what type of international trade rules would promote a more wise use of water worldwide? 
 
But before addressing these questions, we will first consider the characteristics of freshwater 
that make it different from other resources. The report will be concluded with a discussion of 
risks and opportunities associated with the intensification of international trade in water-
intensive commodities. 
 
2. What is special about freshwater? 
 
Freshwater is a scarce resource 
Freshwater is a scarce resource because its annual availability is limited and demand is 
growing. It is impossible to ‘produce’ water; one can only deviate or temporarily store natural 
flows in order to have access to it at another location or point in time. There are, however, 
sincere limitations to this, since water transfer and storage are due to different sorts of 
constraints. First of all, because water is bulky, transferring or storing is quite costly, 
requiring large infrastructure. Second, taking water out of its natural flow and returning it 
elsewhere or at another point in time will influence ecosystems that are adapted to the natural 
flow. Significant changes to natural flows generally have undesired consequences for both 
downstream ecosystems and downstream users. 
 
Freshwater is a renewable but finite resource 
Water is a renewable resource, but that does not mean that its availability is unlimited. In a 
certain period, precipitation is always limited to a certain amount. The same holds for the 
 4
 amount of water that recharges groundwater reserves and that flows through a river. 
Rainwater can be used in agricultural production and water in rivers and aquifers can be used 
for irrigation or industrial or domestic purposes. But in a certain period one cannot use more 
water than is available. One cannot take more from a river than what flows in it and in the 
long term one cannot take more water from lakes and groundwater reservoirs than the rate 
with which they are recharged. Water is a basic resource, one cannot ‘make’ it, but will have 
to rely on what is naturally available. 
 
Freshwater can be ‘overexploited’ 
There are many spots in the world where serious water depletion or pollution takes place: 
rivers running dry, dropping lake and groundwater levels and endangered species because of 
contaminated water. ‘Available’ does not mean that water can always be fully consumed 
without undesired consequences. 
 
Freshwater is a public resource 
Everywhere in the world, freshwater is a public resource. People can own the land but not the 
freshwater that stays or flows on or underneath it. Freshwater is neither privately owned nor 
traded. When the term ‘water privatization’ is used, one generally refers to the privatization 
of water supply, which means that the services of collecting, purifying and distributing and/or 
the services of wastewater collection and treatment are privatised. The term does not mean 
that the water itself is privatized.  
 
Freshwater availability strongly varies in time 
Many regions in the world face both water scarcity and flooding. Scarcity happens in the dry 
period, flooding in the wet period of the year. The competition for and economic value of the 
water fluctuates accordingly throughout the year. This is a very specific property of 
freshwater, a property that one cannot find for other resources or commodities. 
 
Freshwater availability strongly varies in space. 
The amount of fresh water varies strongly over space as well. In this respect, freshwater is 
just like oil. Some countries have a lot of it, while others don’t. Freshwater is a geopolitical 
resource in a similar way as oil (Hoekstra and Chapagain, 2008). Abundance of oil or 
freshwater gives a comparative economic advantage in goods that require a lot of energy or 
freshwater respectively, but also constitutes a form of political power (Allan, 2001b).  
 
Freshwater productivity strongly varies 
Water productivities – defined as the output per unit of water volume consumed – vary 
strongly from place to place. This is not just a matter of available technology or available 
human, social or institutional capital. Water productivity is also related to climate. From a 
climate and soil perspective, the water of the Nile can be made more productive for making 
crops in the highlands of Ethiopia than for making the same crops downstream in the desert 
of Egypt. In this particular case, however, the actual water productivity in Egypt reaches 
close to its potential, while in Ethiopia, the actual productivity is far below its potential, so 
that Egypt’s actual water productivity is still higher. The fact that different countries have 
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 different water productivities creates a comparative advantage for those countries that have 
relatively high water productivity in producing particular water-intensive crops. This is, 
however, theoretical rather than practical, because real economic costs of water inputs are 
never fully charged to the water users, so that water will not be a decisive factor in 
production, unless in cases where water shortages will simply hamper production. 
 
Freshwater is generally priced far below its economic value 
Most governments subsidise water supply on a huge scale by investing in infrastructure like 
dams, canals, water purification, distribution systems, desalination plants and wastewater 
treatment. These costs are often not charged to the water users. As a result, there is 
insufficient economic incentive for water users to save water. Besides, due to the public 
character of water, water scarcity is generally not translated into an additional component in 
the price of goods and services that are produced with the water, as happens naturally in the 
case of private goods. Finally, water users generally do not pay for the negative impacts that 
they cause on downstream people or ecosystems. As a result, water inputs do not form a 
substantial component of the total price of even the most water-intensive products. 
Consequently, the production of and trade in goods – even though various sorts of goods 
require a lot of scarce water inputs – is not or hardly governed by water scarcity. The only 
constraint on production is absolute water scarcity: when the river is dry there will be no 
further use. As Yang et al. (2003) have shown, absolute water scarcity indeed hampers 
production and necessitates imports of water-intensive goods like cereals in the most water-
scarce regions of the world. 
 
Water is not being traded 
When people speak about ‘water markets’ or ‘water trading’ they refer to the trade of water 
use rights, also briefly called water rights or water entitlements. Only a few countries or 
states – like Chile and California – do have such ‘water markets’ but most countries don’t 
have that. In water markets, the water is not really traded as in the case of other physical 
commodities. It are the water use rights that are traded. In the field, this means that one 
farmer can irrigate his field with a certain amount of water, and not another farmer, when the 
first one holds the water use right. Or one industry can withdraw some volume of water and 
not another one that lives along the same river or above the same aquifer. The only form of 
water trade occurs in the form of trade in bottled water (Gleick, 2004) and beverages. This 
sort of trade, however, concerns relatively small volumes. People drink no more than a few 
litres of water per day, while the total water use per capita – for producing all goods and 
services consumed – amounts to at least a few thousands of litres per day. 
 
International real and virtual water transfers 
International trade in bottled drinking water and beverages does exist but is very small from a 
volume perspective. From a hydrological point of view it is irrelevant. Bulky international 
water trade does hardly exist. Freshwater crosses international borders in the case of trans-
boundary rivers like the Nile, Mekong or Danube, but otherwise there are only rare instances 
of international water transfers. A recent example was in spring 2008 when the Spanish city 
of Barcelona had to ship in freshwater from France. Various islands, including Aruba, Nauru, 
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 Tonga and the Canary Islands have at times received freshwater by tanker from elsewhere 
(Gleick et al., 2002). Much larger-scale international water transfers have been proposed 
throughout the world, like the idea of transferring water from Congo to Chad or from 
Northern Russia and Siberia to Central Asia. Whether these mega-engineering plans will be 
realised is doubtful, due to the enormous costs and social and environmental consequences. 
At least until date one can say that international water trade or transfers are very small on a 
global scale. What happens, however, on a very substantial scale, is transfer of water in 
embedded form, i.e. in the form of goods. It is not that the amounts of water actually 
contained in goods are so large, but the water volumes virtually embedded in goods can be 
huge. By consuming water in one country to produce a product that is traded to another 
country, the water is virtually transferred to the importing country. In this context we speak 
about ‘virtual water trade’, although ‘transfer’ would be a better term, because the goods are 
traded, not the water. 
 
3. The effect of international trade on domestic water resources 
 
An obvious effect of international trade in water-intensive commodities is that it generates 
water savings in the countries that import those commodities. This effect has been discussed 
since the mid-1990s (Allan, 2001b; Hoekstra, 2003). The national water saving associated 
with import can be estimated by multiplying the imported product volume by the volume of 
water that would have been required to produce the product domestically. The other side of 
international trade in water-intensive commodities is that takes water in the exporting 
countries that can no longer be used for other (domestic) purposes. Besides, the social and 
environmental costs that are often associated with water use remain in the exporting 
countries; they are not included in the price paid for the products by the consumers in the 
importing countries. 
 
3.1. Import of water-intensive commodities reduces national water demand 
 
In many countries international trade in agricultural products effectively reduces domestic 
water demand (Table 1). These countries import commodities that are relatively water-
intensive while they export commodities that are less water-intensive. In the period 1997-
2001, Japan, the largest (net) importer of water-intensive goods in the world, annually saved 
94 billion m3 from its domestic water resources. This volume of water would have been 
required, in addition to its current water use, if Japan had produced all imported products 
domestically. In a similar way, Mexico annually saved 65 billion m3, Italy 59 billion m3, 
China 56 billion m3, and Algeria 45 billion m3 (Chapagain et al., 2006a). 
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 Table 1. Examples of nations with net water saving as a result of international trade in 
agricultural products. Period 1997-2001. 
Country 
Total use of 
domestic water 
resources in 
the agricultural 
sector1  
(109 m3/yr) 
Water saving as 
a result of 
import of 
agricultural 
products2 
(109 m3/yr) 
Water loss as a 
result of export 
of agricultural 
products2 
(109 m3/yr) 
Net water 
saving due to 
trade in 
agricultural 
products2 
(109 m3/yr) 
Ratio of net 
water 
saving to 
use of 
domestic 
water 
China 733 79 23 56 8% 
Mexico 94 83 18 65 69% 
Morocco 37 29 1.6 27 73% 
Italy 60 87 28 59 98% 
Algeria 23 46 0.5 45 196% 
Japan 21 96 1.9 94 448% 
1 Source: Hoekstra and Chapagain (2008) 
2 Source: Chapagain et al. (2006a). Agricultural products include both crop and livestock 
products. 
 
One of the water-scarce countries that most heavily depend on imports of water-intensive 
commodities is Jordan. It imports five to seven billion m3 of water in virtual form per year, 
which is in sharp contrast with the 1 billion m3 of water withdrawn annually from domestic 
water sources (Haddadin, 2003; Hoekstra and Chapagain, 2007, 2008). People in Jordan thus 
survive owing to the fact that their ‘water footprint’ has largely been externalized to other 
parts of the world, for example the USA. Intelligent trade largely covers up Jordan’s water 
shortage: export of goods and services that require little water and import of products that 
need a lot of water. The good side of Jordan’s trade balance is that it preserves the scarce 
domestic water resources; the downside is that the people are heavily water dependent. 
 
For countries that depend on the import of water-intensive products, it is important to know 
whether the water thus saved has higher marginal benefits than the additional cost involved in 
importing these products. Let us consider the example of Egypt, a country with a very low 
rainfall – the mean rainfall is only 18 mm/yr – and with most of its agriculture being 
irrigated. The import of wheat in Egypt implies a saving of their domestic water resources of 
3.6 billion m3/yr, which is about 7% of the total volume of water Egypt is entitled to 
according to the 1959 agreement on the use of the Nile River. The national saving is made 
with the investment of foreign exchange of 593 million US$/yr (ITC, 2004), so that the cost 
of the virtual water is 0.16 US$/m3 at most. In fact, the cost will be much lower, because the 
costs of the imported wheat cover not only the cost of water, but also the costs of other input 
factors such as land, fertilizer, and labour. In Egypt, fertile land is also a major scarce 
resource. The import of wheat not only releases the pressure on the disputed Nile water, but 
also reduces pressure to increase the area of land under agriculture. Greenaway et al. (1994) 
and Wichelns (2001) have shown that in the international context Egypt has a comparative 
disadvantage in the production of wheat, so that the import of wheat into Egypt implies not 
only a physical water saving, but also an economic saving. 
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3.2. Export of water-intensive commodities raises national water demand 
 
Water is not merely a local resource to meet local demands for water-based products. In the 
period 1997-2001, sixteen per cent of the water use in the world was not for producing 
products for domestic consumption but for making products for export (Hoekstra and 
Chapagain, 2007, 2008). The nations with the largest net annual water use for producing 
export products were the USA (92 billion m3), Australia (57 billion m3), Argentina (47 billion 
m3), Canada (43 billion m3), Brazil (36 billion m3), and Thailand (26 billion m3). The main 
products behind the national water use for export from the USA were oil-bearing crops and 
cereal crops. These products are grown partly rain-fed and partly irrigated. In Australia and 
Canada, the water use for export was mainly related to the production of cereals and livestock 
products. In Argentina and Brazil, water use for export was primarily for producing oil-
bearing crops. The national water use for export in Thailand was mainly the result of export 
of rice. Much of the rice cultivation in Thailand is done during the rainy season, but irrigation 
is widespread, to achieve two harvests per year. In the period 1997-2001, Thailand used 27.8 
billion m3/yr of water (sum of rainwater and irrigation water) to produce rice for export, 
mostly grown in the central and northern regions (Maclean et al., 2002). The monetary 
equivalent of the rice export was 1,556 million US$/yr (ITC, 2004). Hence, Thailand 
generated a foreign exchange of 0.06 US$/m3.  
 
Let me repeat that currently sixteen per cent of the water use in the world is not for producing 
products for domestic consumption but for making products for export and let us simply 
assume that, on average, agricultural production for export does not cause significantly more 
or fewer water-related problems (such as water depletion or pollution) than production for 
domestic consumption. That means that roughly one sixth of the water problems in the world 
can be traced back to production for export. Consumers do not see the effects of their 
consumption behaviour due to the tele-connection between areas of consumption and areas of 
production. The benefits are at the consumption side, but since water is generally grossly 
under-priced, the costs remain at the production side. From a water-resources point of view it 
would be wise for the exporting countries in the world to review their water use for export 
and see to which extent this is good policy given the fact that the foreign income associated 
with the exports generally does not cover most of the costs associated with the use of water. 
The construction of dams and irrigation schemes and even operation and maintenance costs 
are often covered by the national or state government. Negative effects downstream and the 
social and environmental costs involved are not included in the price of the export products 
as well. 
 
3.3. The effect of international trade on local water pollution 
 
International trade brings along another phenomenon: natural cycles of nutrients such as 
nitrogen and phosphorus are disturbed through depletion of the soil in some places, excessive 
use of fertilizers in others, long-distance transfers of food and animal feed and concentrated 
disposal of nutrient-rich wastes in densely populated areas of the world (Grote et al., 2005). 
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 This has already led and will further lead to depletion of the soil in some areas (Sanchez, 
2002; Stocking, 2003) and eutrophication of water elsewhere (McIsaac et al., 2001; Tilman et 
al., 2001). The surplus of nutrients in the Netherlands, for instance, is partially related to 
deforestation, erosion and soil degradation in those areas of the world that export food and 
feed to the Netherlands, for example in Brazil from where a lot of soybeans for the Dutch 
pigs and chickens are imported. This implies that the nutrient surplus in the Netherlands is 
not an issue that can simply be understood as a Dutch issue. Dutch water pollution is part of 
the global economy. 
 
The disturbance of nutrient cycles is not the only mechanism through which international 
trade influences the quality of water resources worldwide. Meybeck (2004) shows how other 
substances are also dispersed into the global environment and change the quality of the 
world’s rivers. Nriagu and Pacyna (1988) set out the specific impacts of the use of trace 
metals in the global economy on the world’s water resources. The regular publication of new 
reports on global pollution shows that this phenomenon in itself is no longer news; what is 
now gradually being uncovered and therefore relatively new is the fact that pollution is not 
simply ‘global’ because pollution is so ‘widespread’, but that it is interlinked with how the 
global economy works and is therefore a true global problem. Water pollution is intertwined 
with the global economic system to such an extent that it cannot be dealt with independently 
from that global economy. Indeed, pollution can be tackled by end-of-pipe measures at or 
near the location of the pollution, but a more cause-oriented approach would be restructuring 
the (rules for the) global economy, with the aim of the closure of element cycles. 
 
4. The effect of water availability on international trade 
 
There is an immense volume of literature about international trade, but there are few scholars 
who address the question to which extent international trade is influenced by regional 
differences in water availability. International trade is rather explained in terms of differences 
in labour productivities, availability of land, domestic subsidies to agriculture, import taxes, 
production surpluses and associated export subsidies, etc. It will be hard to find evidence that 
regional water abundance benefits the export of water-intensive commodities and that 
regional water scarcity promotes the import of water-intensive commodities. 
 
According to international trade theory that goes back to Ricardo ([1817] 2006), nations can 
gain from trade if they specialize in the production of goods and services for which they have 
a comparative advantage, while importing goods and services for which they have a 
comparative disadvantage. The meaning of the principle for the field of water resources has 
been elaborated by Wichelns (2004). The economic efficiency of trade in a water-intensive 
commodity between two countries should be evaluated based on a comparison of the 
opportunity costs of producing the commodity in each of the trading nations. Export of a 
water-intensive commodity is attractive if the opportunity cost of producing the commodity is 
comparatively low. This is the case when there is a relatively high production potential for 
the water-intensive commodity due to for example relative abundance of water and/or a 
relatively high water productivity (yield per unit of water input) in the country. Import of a 
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 water-intensive commodity (instead of producing it domestically) is attractive if the 
opportunity cost of producing the commodity is comparatively high, for example because 
water is relatively scarce and/or water productivity in the country is low. 
 
The most convincing research providing evidence that water availability influences 
international trade has been carried out by Yang et al. (2003, 2007). As they have 
quantitatively shown, cereal imports have played a crucial role in compensating water deficits 
in various water-scarce countries. They demonstrate that below a certain threshold in water 
availability, an inverse relationship can be identified between a country’s cereal import and 
its per capita renewable water resources. In the early 1980s the threshold was at about 2000 
m3 per capita per year. At the end of the 1990s it had declined to about 1500 m3 per capita per 
year. Countries with less water than the threshold cannot do without the import of staple 
foods. The threshold declined over the past couple of decades due to the improvement in 
water productivities and the expansion of irrigated areas. 
 
There is clear evidence that the trade balance of countries with very low water availability 
(per capita) is partly determined by the fact that those countries have a comparative 
disadvantage in producing water-intensive products. One does not need to be economist to 
see that; the available water resources simply fall short in some countries to produce the food 
to survive. Most international trade in the world, however, has little to do with the intentional 
trade in water-intensive commodities to countries with low water availability from countries 
with higher water availability. The driving force behind international trade in water-intensive 
products can be water scarcity in the importing countries, but more often other factors play a 
decisive role (Yang et al., 2003; De Fraiture et al., 2004).  
 
International trade in agricultural commodities depends on many more factors than 
differences in water scarcity in the trading nations, including differences in availability of 
land, labour, knowledge, and capital, and differences in economic productivities in various 
sectors. The existence of domestic subsidies, export subsidies, or import taxes in the trading 
nations will also influence the trade pattern. As a consequence, international virtual-water 
transfers usually cannot – or can only partly – be explained on the basis of differences in 
water availability and productivity. 
 
In some cases, the relation between water availability and the actual trade pattern is even 
counter-intuitive. North China for instance has a very low availability of water per capita, 
unlike South China, but nevertheless, there is a very significant trade in food from North to 
South China (Ma et al., 2006). Of course, this does intensify the water problems in the North. 
A similar case can be found in India, where water has become relatively scarce in the 
northern states of Punjab, Uttar Pradesh and Haryana. Nevertheless, these states export 
significant volumes of food to the eastern states of Bihar, Jharkhand and Orissa, which have 
much larger water endowments than the northern states (Verma et al., 2009). No simple 
explanation will suffice to explain the counter-intuitive situations with respect to the internal 
trade within China and India, because various factors will play a role, including historical, 
political and economic ones. One factor that may play a role as well is that in water-scarce 
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 regions the incentives to increase water productivity are highest. As a result, it becomes 
attractive to produce in those regions, which however enhances the scarcity of the water. This 
may be a factor in northern India, where water productivities are indeed much higher than in 
the eastern states, providing them with a comparative advantage though the water availability 
in absolute terms is much lower.  
 
Forecasts of how international trade patterns will develop generally ignore water as a possible 
constraint to production and pay no attention to the role of freshwater in terms of comparative 
advantage. As a result, some of the scenarios developed predict increased agricultural 
production in areas where water is already highly scarce or even over-drafted. Liao et al. 
(2008) illustrate this for the case of China by studying the effect of trade liberalisation that 
will likely follow China’s accession to the World Trade Organization in 2001. They show 
that existing projections of agricultural production and trade, which ignore water as a 
production factor, are unrealistic. Including water as a constraint leads to projections where 
cereal imports into China will be much higher than previously thought and less optimistic 
prospects with respect to increased export of vegetables. 
 
5. Global water-use efficiency 
 
In the water sector, the term water-use efficiency is most often used to refer to the inverse of 
local water productivity. The latter is expressed as the amount of product made per unit of 
water (in the agricultural sector known as ‘crop per drop’). The water-use efficiency is 
expressed as the volume of water required to make one unit of product. A water user can 
increase local water-use efficiency by producing the same with less water input. Water users 
can be encouraged to do so by charging them a water price that is based on full marginal cost, 
by stimulating them to adopt water-saving technology, or by creating awareness that saving 
water is good for the environment. 
 
The local view on water-use efficiency is only one way of looking at water-use efficiency. 
There are two other levels at which one can consider the efficiency of water use (Hoekstra 
and Hung, 2005). At the catchment or river basin level, water-use efficiency refers to the 
efficiency of water allocation to alternative uses. Water-use efficiency at this level can be 
enhanced by re-allocating water to purposes with higher marginal benefits (Rogers et al., 
1998). At the global level, water-use efficiency can be increased if nations use their 
comparative advantage or disadvantage in producing water-intensive goods to either 
encourage or discourage the use of domestic water resources for producing export 
commodities. 
 
Much research effort has been dedicated to studying water-use efficiency at the local and 
river basin levels. The research on global water-use efficiency is of more recent date. Only 
four studies have been carried out so far, all of them focusing on the quantification of 
physical water savings as a result of global trade, not on the economic savings associated. All 
four studies indicate that the current pattern of international trade results in a substantial 
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 global water saving (Oki and Kanae, 2004; De Fraiture et al., 2004; Chapagain et al., 2006a; 
Yang et al., 2006).  
 
5.1. Volume of water saved as a result of international trade 
 
The most comprehensive study on global water saving in relation to international trade was 
the one carried out by Chapagain et al. (2006a). According to their study, the global water use 
for producing agricultural products for export amounted to 1,250 billion m3/yr (in the period 
1997-2001). If the importing countries were to have produced the imported products 
domestically they would have required a total of 1,600 billion m3/yr. This means that the 
global water saving by trade in agricultural products was 350 billion m3/yr. So the average 
water saving accompanying international trade in agricultural products has been (350/1,600=) 
22%. The global volume of water used for agricultural production is 6,400 billion m3/yr. 
Without trade, supposing that all countries had to produce the products domestically, 
agricultural water use in the world would amount to 6,750 instead of 6,400 billion m3/yr. 
International trade thus reduces global water use in agriculture by 5%. 
 
Above figures do not differentiate between the use of green water (rainwater) and the use of 
blue water (ground and surface water). The global water saving associated with a certain 
trade flow can refer to either a global blue or a global green water saving (or a combination 
of both). Even if there is a net global water loss from a trade relation, there might be a saving 
of blue water at the cost of a greater loss of green water or vice versa. From an economic 
point of view there is a substantial difference between blue and green water saving, because 
the opportunity costs of blue water are generally much higher than the opportunity costs of 
green water. As a result, trade with an associated blue water saving but a greater green water 
loss could still be efficient from an economic point of view. 
 
5.2. The downside of virtual-water trade as a solution to water scarcity 
 
Saving domestic water resources in countries with relative water scarcity through virtual-
water import (import of water-intensive products) looks very attractive. There are however a 
number of drawbacks that have to be taken into account. First, saving domestic water through 
import should explicitly be seen in the context of the need to generate sufficient foreign 
exchange to import food which otherwise would be produced domestically. Some water-
scarce countries in the world are oil-rich, so they can easily afford to import water-intensive 
commodities. However, many water-scarce countries lack the ability to export energy, 
services or water-extensive industrial commodities in order to afford the import of water-
intensive agricultural commodities. Second, import of food carries the risk of moving away 
from food self-sufficiency. This plays an important role in the political considerations in 
countries such as China, India and Egypt. Third, import of food will be bad for the domestic 
agricultural sector and lead to increased urbanization, because import reduces employment in 
the agricultural sector. It will also result in an economic decline and worsening of land 
management in rural areas. Fourth, in many water-scarce developing countries, where an 
important part of the agriculture consists of subsistence farming, promoting food imports may 
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 threaten the livelihoods of those subsistence farmers and reduce access to food for the poor. 
Finally, increases in virtual-water transfers to optimize the use of global water resources can 
relieve the pressure on water-scarce countries but may create additional pressure on the 
countries that produce the water-intensive commodities for export. The potential water saving 
from global trade is sustainable only if the prices of the export commodities truly reflect the 
opportunity costs and negative environmental impacts in the exporting countries. Otherwise 
the importing countries are simply gaining from the fact that they would have had to bear the 
cost of water depletion if they had produced domestically whereas the costs remain external if 
they import the water-intensive commodities instead.  
 
6. What sort of international trade rules would contribute to a better use of the 
world’s scarce water resources? 
 
6.1. The principles of product transparency and non-discrimination 
 
The basis for well-informed consumer action, governmental policy and company strategy is 
product transparency. As I would define it, the product-transparency principle requires that 
all relevant information about a product is publicly available, including both information 
about the product as it appears and information about how it is produced. When we limit 
ourselves here to how a product relates to the use of freshwater, relevant information may 
include for instance answers to questions such as: how much water was consumed to make 
the product in the different stages of its supply chain, how much water was polluted, what 
type of pollution, does the water consumption or pollution takes place in areas where water is 
relatively scarce and already polluted beyond acceptable limits, are downstream users or 
ecosystems negatively affected, could the water consumed have been used for an alternative 
purpose with a higher societal benefit, etc. Products may often look alike – same colour, 
smell, feel, taste, quality – but nevertheless they may be quite different. Every product has a 
unique history. The origin of the ingredients may differ as well as the production 
circumstances of the ingredients. A beverage like cola contains sugars which can come for 
instance from sugar beet, sugar cane or maize (high-fructose maize syrup). The crop may be 
grown with irrigation water from the overexploited Ogallala Aquifer beneath the Great Plains 
in the United States or under rain-fed conditions in a water-abundant part of Europe. In other 
words, one bottle of cola is simply not equal to another. Similar appearance, but different 
history. Production circumstances can vary among countries, but also within countries; 
differences can exist between brands, but also within brands and even between different 
batches of otherwise precisely the same product. From a water-footprint perspective, one may 
like to discriminate between seemingly similar goods, based on the different impacts the 
goods have on freshwater resources. Chapagain et al. (2006b) show for example how the 
water footprint of cotton consumed in Europe strongly depends on the region of origin 
(Figure 1). Cotton from Uzbekistan and Pakistan, for example, has a relatively large water 
footprint on blue water resources and can be associated with the desiccation of the Aral Sea 
and intensive use and pollution of the Indus river, respectively. 
 
 
 14
  
 
Figure 1. The global water footprint of cotton consumption in the European Union. Source: 
Chapagain et al. (2006). 
 
An important principle used in the context of international trade negotiations is the ‘non-
discrimination principle’. The principle says that the international trading system should be 
without discrimination, which means that a country should not discriminate between its 
trading partners nor between its own and foreign products (WTO, 2008). A key question to 
be posed in this context is what are the criteria to evaluate whether two goods can be called 
similar. According to the non-discrimination principle, one may not discriminate between 
cotton from one and cotton from another country or between beef from one and beef from 
another country. But what does the principle say if it appears that two similar products are not 
similar at all? Discrimination is considered unfair when products are similar, but 
discrimination is quite natural when products are not similar. 
 
Fair international trade rules should include a provision that enables consumers, through their 
government, to raise trade barriers against products that are considered unsustainable, or 
more in particular, in the context of this paper, are kept responsible for harmful effects on 
water systems and indirectly on the ecosystems or communities that depend on those water 
systems. In practice, this means that the non-discrimination principle would hold only for 
similar products that are considered also similar in terms of the existing impacts along their 
supply chain. It would imply that a country can favour import of a certain product from a 
country that can guarantee that the product’s water footprint is not located in catchments 
where environmental flow requirements are violated or where ambient water quality 
standards are not met. This favour would have to hold – according to the non-discrimination 
principle – for all countries that can give that guarantee. Such guarantee can be provided only 
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 when proper arrangements for product transparency are in place. The favour, however, would 
not necessarily hold for countries that cannot provide that guarantee. 
 
When arrangements for product transparency in a particular country are in place, it can occur 
that one set of goods of a certain kind from that country does fulfil a set of specified 
sustainability requirements, while another set of goods of the same kind does not. In that case 
another country may be willing to have free trade with respect to the first set of goods, but to 
raise trade barriers with respect to the other set of goods. It seems justified to allow for such 
arrangements in international trade rules. Countries can either choose to agree on shared 
criteria for sustainability requirements, which can then be included in an international trade 
agreement, or they can leave the formulation of such criteria to each country separately. The 
former situation may be preferable, because it creates equity and security on the market, but it 
will be at the cost of national sovereignty to quickly respond to new developments and adapt 
criteria. Besides, countries may have highly divergent opinions about what criteria should be 
chosen. Anyhow, trying to agree on shared criteria on product sustainability can be part of 
international negotiations. This should be in a different context than the World Trade 
Organization, because the WTO limits itself to trade negotiations and refrains from 
negotiations on environmental protection. For environmental protection, the WTO refers to 
multilateral environmental agreements formulated in other international settings. According 
to WTO rules, a trade dispute that falls under a certain multilateral environmental agreement 
signed by two conflicting countries, should be settled using the environmental agreement. 
 
6.2. The imbalance between international trade agreements and international agreements 
on sustainable water use 
 
In the perspective of the WTO, ‘free trade’ is not at odds with ‘green trade’. National 
governments have negotiated WTO rules voluntarily. Similarly, national governments 
negotiate and agree on international environmental agreements. If a dispute arises over a 
trade action taken under an environmental agreement, and if both sides to the dispute have 
signed that agreement, then they should try to use the environmental agreement to settle the 
dispute. However, if one side in the dispute has not signed the environmental agreement, then 
the WTO would provide the only possible forum for settling the dispute (WTO, 2008, p.67). 
Besides, it matters whether an international agreement contains rules that relate to trade or 
not. As Neumayer (2004) observes, most regional or international environmental agreements 
do not contain any trade-restrictive measures. As a result, these environmental agreements 
will be irrelevant, i.e. ignored, when settling a trade dispute. In the case in which an 
international environmental agreement is absent at all and where a trade barrier is raised with 
reference to national environmental legislation, it will again be the WTO to settle the dispute. 
Historic evidence is that free trade rules agreed internationally within the context of the WTO 
go beyond environmental protection rules set by national governments or international 
environmental agreements not signed by one of the parties of the dispute. According to the 
WTO, if trade barriers could be raised with reference to national regulations, “then any 
country could ban imports of a product from another country merely because the exporting 
country has different environmental, health and social policies from its own. This would 
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 create a virtually open-ended route for any country to apply trade restrictions unilaterally – 
and to do so not just to enforce its own laws domestically, but to impose its own standards on 
other countries” (WTO, 2008, p.70). 
 
Internationally binding agreements on sustainable water use or, more particularly, on 
‘sustainable water use in the production of goods and services’ do not exist. The reason is 
probably that – as set out in the introduction – freshwater is primarily seen as a local 
resource, to be managed at the level of a nation or river basin at most. As a result, policies for 
water governance are always shaped in the form of national legislation, supplemented by 
international agreements on trans-boundary rivers and agreements on a regional level like in 
the European Union. This means that whenever trade disputes with reference to freshwater 
protection arise, the dispute will be settled under WTO and that – with reference to the non-
discrimination principle – the outcome will be in favour of free trade and not freshwater 
protection. 
 
In the international arena, there is no legal basis to discriminate in international trade based 
on environmental product standards. This is a fundamental imbalance in the area of 
international agreements. In the WTO, international trade rules do not necessarily go beyond 
international environmental agreements, but in case of absence of the latter, the international 
trade rule of non-discrimination becomes decisive.  The WTO agreements are interpreted to 
say two important things: “First, trade restrictions cannot be imposed on a product purely 
because of the way it has been produced. Second, one country cannot reach out beyond its 
own territory to impose its standards on another country” (WTO, p.66). Given the fact that 
many products on the world marker have significant impacts on freshwater systems, by 
contributing to the violation of local environmental flow requirements or ambient water 
quality standards, it is expected that consumers will increasingly demand for product 
transparency and it is likely that consumers in some countries will start to ask their 
government to ban imports of products that obviously do not meet domestic standards. Given 
the current conditions it is very unlikely that national efforts to ban products with reference to 
national standards on sustainable water use will succeed. This raises the question which 
instruments are left to national governments to ensure that internationally traded products are 
based on a sustainable use of freshwater. In the next two sections, three different sorts of 
possible international arrangements are being discussed: an international water pricing 
protocol, a water label for products, and an international water-footprint permit system. 
 
6.3. International Water Pricing Protocol 
 
A major issue when talking about good water governance and international trade is the fact 
that particularly the international market in agricultural products is heavily distorted. Since 
85% of global water consumption occurs in agricultural production (Hoekstra and Chapagain, 
2008), this is highly relevant for water. The distortion is related to all sorts of direct and 
indirect subsidies that agriculture receives in all countries in the world, albeit in different 
forms per country. This issue is widely known, but most discussion is about direct subsidies 
to farmers and about export subsidies and import taxes. Much less attention is to the fact that 
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 water as a major input factor to agriculture is generally hugely underpriced. The result is that 
water is no factor of importance in the establishment of production and trade patterns. This 
results in perverse trade flows, where water-intensive crops are exported on a large scale 
from areas where water is highly scarce and overexploited. Free trade will never contribute to 
optimal production and trade outcomes from a water-perspective as long as water remains so 
much underpriced. 
 
There is a need to arrive at a global agreement on water pricing structures that cover the full 
cost of water use, including investment costs, operational and maintenance costs, a water 
scarcity rent and the cost of negative externalities of water use (Hoekstra, 2006; Hoekstra and 
Chapagain, 2008; Verkerk et al., 2008). Without an international treaty on proper water 
pricing it is unlikely that a globally efficient pattern of water use will ever be achieved. The 
need to have full cost pricing has been acknowledged since the Dublin Conference in 1992 
(ICWE, 1992). A global ministerial forum to come to agreements on this does exist in the 
regular World Water Forums (Marrakech 1997, The Hague 2000, Kyoto 2003, Mexico City 
2006, Istanbul, 2009), but these forums have not been used to take up the challenge of 
making international agreements on the implementation of the principle that water should be 
considered as a scarce, economic good. The World Water Forums are not organised under the 
umbrella of a UN organisation. Alternative forums to initiate and negotiate an international 
Water Pricing Protocol could be UN-Water or the UN Commission on Sustainable 
Development (CSD). 
 
It is not sufficient to leave the implementation of the water-is-an-economic-good principle to 
national governments without having some kind of international protocol on the 
implementation, because unilateral implementation can be expected to be at the cost of the 
countries moving ahead. The competitiveness of the producers of water-intensive products in 
a country that one-sidedly implements a stringent water pricing policy will be affected, and 
this, together with the natural resistance of domestic consumers to higher prices of local 
products, will reduce the feasibility of a unilateral implementation of a rigorous water pricing 
strategy. An international protocol on full-cost water pricing would contribute to the 
sustainable use of the world’s water resources, because water scarcity would be translated 
into a scarcity rent and thus affect consumer decisions, even if those consumers live at a great 
distance from the production site. Such a protocol would also contribute to fairness, by 
making producers and consumers pay for their contribution to the depletion and pollution of 
water. Finally, such a protocol would shed a fresh light upon the economic feasibility of plans 
for large-scale inter-basin transfers, since it would force negative externalities and 
opportunity costs to be taken into account. Full-cost water pricing should be combined with a 
minimum water right, in order to prevent poor people not being able to obtain their basic 
needs (Gleick, 1999; Mehta and La Cour Madsen, 2005). 
 
6.4. An international water label for water-intensive products 
 
The necessity of product transparency could be translated into a water label. This term should 
be understood in very broad terms here, because it could be a label physically attached to a 
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 product, but also digital information about a specific product available through internet by 
scanning its barcode in the shop or at home. Furthermore, it could be a simple label showing 
whether a product meets a certain set of sustainability criteria (a yes or no label), but it could 
also be a more advanced label with detailed quantitative information on a number of relevant 
criteria. Introducing such a label would be most relevant for water-intensive products, i.e. 
products that are usually related to relative big volumes of water consumption and/or 
pollution. The label could be introduced first for a few commodities that usually have great 
impacts on water systems, such as rice, cotton, paper and cane sugar. Given the global 
character of the rice, cotton, paper and sugar markets, international cooperation in setting the 
labelling criteria and in the practical application of the water label is a precondition. 
Consideration could be given to integrating the water label within a broader environmental 
label, but this would probably create new bottlenecks for implementation, so that a first step 
could be to agree on a separate water label. 
 
Supposed that one or a number of countries would agree on some sort of water-labelling 
scheme, it is unclear how current WTO rules have to be interpreted when a dispute would 
arise. Consider the case in which a country raises a trade barrier for all countries that do not 
fulfil the requirements of the water-labelling scheme. Given the decisions made in earlier 
disputes (consider for instance the so-called tuna-dolphin dispute between the USA and 
Mexico), the WTO rules are unlikely to lead to acceptance of discrimination of products from 
a country not fulfilling a certain labelling requirement if that country has not signed up for 
that labelling scheme. The WTO finds that one country cannot impose its own environmental 
regulations on another country. It is to be noted, however, that some commentators have 
argued that under some conditions it is possible for WTO members to impose environmental 
regulations on another member (Charnovitz, 2002). Altogether, there is still much ambiguity 
about the role national environmental standards related to processes and production methods 
can have in restricting international trade. This underlines the necessity to come to broad 
international agreements on a water-labelling scheme. Without international agreement, any 
labelling scheme will be useful for domestic products only and unlikely be effective in 
restricting trade. In the case that countries would agree on an international water label, this 
label will likely be covered by WTO’s Technical Barriers to Trade (TBT) Agreement, which 
has been designed to ensure that regulations, standards, testing and certification procedures 
do not create unnecessary obstacles to trade. This means that the labelling scheme should 
fulfil a set of conditions set by the WTO. 
 
Given the fact that a broad international water label laid down in an international agreement 
is far from reality, liberalisation of trade in water-intensive products under WTO makes it 
more difficult if not impossible for countries to take action against products from countries 
that are considered as undesirable because they either lack transparency or are transparent but 
do not meet certain domestically defined sustainability standards. Under existing WTO rules, 
countries have to let products that do not meet production-standards enter the country at the 
same conditions as similar products that do meet the standards. The only remaining choice is 
that consumers select themselves in the shop. This choice will be hampered, however, by lack 
of information, because countries cannot impose a labelling scheme on imported products. 
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6.5. An International Water-Footprint Permit System 
 
The limited availability of freshwater in the world implies a ceiling for humanity’s water 
footprint. The question for the global community is how this global maximum can be 
transferred to the national or even the individual level. Or in other words: what is each 
nation’s and each individual’s ‘reasonable’ share of the globe’s water resources? And what 
mechanisms could be established in order to achieve that people do not use more than their 
‘reasonable’ share? Maximum levels of water use to guarantee a sustainable use could be 
institutionalized in the form of a water footprint permit system (Hoekstra, 2006; Hoekstra and 
Chapagain, 2008; Verkerk et al., 2008). An international protocol on establishing water 
footprint permits would be comparable to the Kyoto Protocol on the emission of greenhouse 
gases (drafted in 1997, effective since 2005). The Kyoto Protocol is based on the 
understanding that, to prevent human-induced climate change, there is a ceiling on the 
maximum volume of greenhouse gas emissions from human activities that can be 
accommodated by the global system.  
 
In an international water-footprint permit system, permits would be issued per nation. 
Alternatively, the permits can take the form of water-footprint reduction targets compared to 
a certain reference year or period. Nations would be responsible for translating the targets 
into national policy in order to meet the target or remain within the permit. Enforcement 
could be done in the form of penalties when not meeting the agreed targets. Targets would 
need to be specified for example by water footprint component (green, blue, grey water 
footprint); they could also be specified by sector or product category.  
 
6.6. The Doha Development Round 
 
The WTO rules apply to most products but still exclude or include to a limited extent services 
and agricultural products. Because 85% of the water consumption in the world occurs in 
agriculture, concerns with respect to sustainable freshwater use can still be taken into account 
in the negotiations in the Doha Development Round, the current trade-negotiation round of 
the World Trade Organization which started in 2001. Trade in agricultural products is one of 
the key focus areas of the current negotiations. As follows from above, from a sustainable-
water-use perspective it is key that any new rules on international trade in agricultural 
products include provisions that ensure that efforts to contribute to more sustainable water 
use behind the products traded are promoted and rewarded. 
 
7. Discussion 
 
International transfers of water in virtual form are substantial and likely to increase with 
continued global trade liberalization (Ramirez-Vallejo and Rogers, 2004). Intensified trade in 
water-intensive countries offers both opportunities and risks. The most obvious opportunity 
of reduced trade barriers is that virtual water can be regarded as a possibly cheap alternative 
source of water in areas where freshwater is relatively scarce. Virtual-water import can be 
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 used by national governments as a tool to release the pressure on their domestic water 
resources. This import of virtual water (as opposed to real water, which is generally too 
expensive) will relieve the pressure on the nation’s own water resources. For water-abundant 
countries an argument can be made for export of virtual water. Trade can physically save 
water if products are traded from countries with high to countries with low water 
productivity. For example, Mexico imports wheat, maize, and sorghum from the USA, which 
requires 7.1 billion m3 of water per year in the USA. If Mexico were to produce the imported 
crops domestically, it would require 15.6 billion m3 of water per year. Thus, from a global 
perspective, the trade in cereals from the USA to Mexico saves 8.5 billion m3/yr. Although 
there are also examples where water-intensive commodities flow in the opposite direction, 
from countries with low to countries with high water productivity, the available studies 
indicate that the resultant of all international trade flows works in a positive direction. We 
showed that international trade in agricultural commodities reduces global water use in 
agriculture by 5%. Liberalization of trade seems to offer new opportunities to contribute to a 
further increase of efficiency in the use of the world’s water resources. 
 
A serious drawback of trade is that the indirect effects of consumption are externalized to 
other countries. While water in agriculture is still priced far below its real cost in most 
countries, an increasing volume of water is used for processing export products. The costs 
associated with water use in the exporting country are not included in the price of the 
products consumed in the importing country. Consumers are generally not aware of – and do 
not pay for – the water problems in the overseas countries where their goods are being 
produced. According to economic theory, a precondition for trade to be efficient and fair is 
that consumers bear the full cost of production and impacts. Another downside of intensive 
international virtual-water transfers is that many countries increasingly depend on the import 
of water-intensive commodities from other countries. Jordan annually imports a virtual-water 
volume that is five times its own annual renewable water resources. Other countries in the 
Middle East, but also various European countries, have a similar high water import 
dependency. The increasing lack of self-sufficiency has made various individual countries, 
but also larger regions, very vulnerable. If for whatever reason food supplies cease – be it due 
to war or a natural disaster in an important export region – the importing regions will suffer 
severely. A key question is to what extent nations are willing to take this risk. The risk can be 
avoided only by promoting national self-sufficiency in water and food supply (as Egypt and 
China do). The risk can be reduced by importing food from a wide range of trade partners. 
The current worldwide trend, however, facilitated by the World Trade Organization, is 
toward reducing trade barriers and encouraging free international trade, and decreasing 
interference by national governments. 
 
The current global trade pattern significantly influences water use in most countries of the 
world, either by reducing domestic water use or by enhancing it. Future national and regional 
water policy studies should therefore include an assessment of the effects of trade on water 
policy. For water-scarce countries, it would also be wise to do the reverse: study the possible 
implications of national water scarcity on trade. In short, strategic analysis for water policy 
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 making should include an analysis of expected or desirable trends in international or inter-
regional virtual-water flows. 
 
International agreements on the liberalization of trade in agricultural products – as being 
negotiated in WTO’s ongoing Doha Development Round – should include provisions that 
promote sustainable water use in agriculture. As yet it is unclear how such provisions could 
look like, since the WTO explicitly refrains from making environmental agreements. An 
imbalance in global regulations of trade will be created as soon as free trade agreements are 
effective while sustainable-product and sustainable-water-use agreements to constrain 
international trade are not yet existent. This is a serious risk, since no international 
agreements on sustainable water use or sustainable products do exist or are being prepared. 
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